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(54) Cross-coupled nnim Stage for zero IF radio 

(J51) An arrangement for mixing ri. signals wfth local oscillator signate, wherein r.f. s^nals are fed to two separate balanced 
amprtfiers 11,12 the outputs of which are fed to two separate balanced mixer stages 13, 14 together whh tiaianced local 
oscillator signals In quadrature, wherein the two outputs from each amplifier are fed one to each mixer stage. The 
arrangement reduces errors resulting from mismatdi of nominally identical components, and also provides a reduclbn in 
output noise. 
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Cross-cottPled mixer stage for 
zero IF radio 

This invention relates t arrangement for 
mixing r.f. signals with local oscillator signals in a 
zero IP or 'direct conversion' radio. 

In one form of zero IP radio receiver local 
oscillator signals in phase quadrature at the carrier 
frequency are each separately mixed with the incoming 
modulated r,f. signal. The mixer outputs at the 
baseband are then low pass filtered and amplified before 
further signal processing is effected to achieve the 
required demodulation. 

In a known zero IP radio receiver the 
incoming r.f • signals are fed to separate, balanced 
amplifiers the outputs of which are then fed to 
respective balanced mixer stages together with the 
respective quadrature local oscillator signals. The 
overall arrangement is shown in Pig. 1. 

According to the present invention there is 
provided an arrangement for mixing r.f. signals with 
local oscillator signals wherein r.f. signals are fed to 
two separate balanced amplifiers with balanced outputs r 
which outputs are fed to two separate balanced mixer 
stages together with local oscillator signals in 
quadrature, wherein the two outputs from each 
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amplifier are fed one to each mixer stage. 

i 

In a preferred embodiment of the invention 
the inphaee and quadrature oscillator signals are % 
balanced signals and the mixers are of the type commonly 
known as double balanced mixers. 

An embodiment of the invention will npw be 
described with reference to the accompanying drawings, 
in which:- 

Pig. 1 is a block schematic of a prior art 
zero I. P. radio receiver mixer arrangement. 

Pig. 2 is a block schematic of a zero I .P. 
radio receiver mixer arrangement according to the 
present invention, and 

Pig. 3 is a circuit diagram of an embodiment 
of the arrangement of Pig. 2. 

In the arrangement of Pig. 2 the incoming 
r.f • signals are fed to two separate balanced amplifiers 
11, 12 which provide balanced outputs A, B and C, 0. 
These balanced outputs are applied to two balanced mixer 
stages 13, 14 together with local oscillator signals 
LOI, LOI, LOQ and "EOQ. LOQ and LOQ are in quadrature 
with LOI and LOI. 

However, in contrast with the prior art, 
wherein the two outputs A & B of amplifier 11 are both 
fed to mixer 13, likewise C & D are fed to mixer 14, in 
the present invention the two outputs A & B from 
amplifer 11 are fed one to each mixer 13, 14, likewise 
the two outputs C, D from amplifier 12 are fed one to 
each mixer 13, 14. 

The arrangement of Pig. 2 provides a 
reduction in the errors resulting from any mismatch 



differences in nominally identical components of the 
amplifying stages. It also provides a reduction in the 
output noise from each of the doubly balanced mixer 
stages* These improvements resulting from the reduced 
correlations between signals B and C, and between 
signals A and D, as compared with the correlations 
between signals A and B or between signals C and D in 
the prior art arrangement of Pig. 1. 

Fig. 3 shows a circuit arrangement wherein 
the balanced amplifiers and mixers may be incorporated 
In a single integrated circuit. The incoming r.f • 
signals are applied to two balanced amplifiers formed by 
pairs of transistors Tl, T2 and T3^ T4 respectively. As 
shown the r.f. inputs are balanced, however one side may 
be decoupled if desired. The balanced outputs A, B and 

D of the amplifiers are fed to two balanced mixers 
formed by respective sets of transistors T5 - T8 and T9 
- T12, where they are mixed with balanced local 
oscillator signals LOI, Coi and LOQ, l5q in quadrature. 
The outputs of the mixer stages are balanced baseband 
signals I, T and Q. As explained with reference to 
Pig. 2, the two outputs A and B of one amplifier are fed 
one to each balanced mixer ^ likewise the outputs C & D 
are fed one to each mixer , i.e. outputs A and C are 
•cross-connected" . 

To improve isolation in the inputs to the 
mixer stages and optional cascode amplifier stage, 
provided by transistors T13-T16, may be included between 
the amplifiers and the mixers. This may be advantageous 
if separate r.f. input pre-amplif ier stage is not 
included. 
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CLAIMS 

1. An arrangement for mixing r.£. signals with 
local oscillator signals wherein r.f, signals are fed to 
two separate balanced amplifiers with balanced outputs, 
which outputs are fed to two separate balanced mixer 
stages together with local oscillator signals in 
quadrature, wherein the two outputs from each amplifier 
are fed one to each mixer stage. 

2. An arrangement according to claim 1 wherein 
the quadrature oscillator signals are each balanced, and 
the mixers are both double balanced mixers. 

3. An arrangement according to claim 2, wherein 
each of the differential amplifiers is a long-tailed 
pair transistor amplifier, and each of the double 
balanced mixers comprises two pairs of transistors with 
emitters connected in common, the current to each such 
pair of emitters being supplied from the collector of 
one of the transistors of a long-tailed pair, 

4* An arrangement according to claim 3 including 

a cascode amplifying stage between the amplifier output 
connections and the mixer inputs. 

5. An arrangement for mixing r.f. signals with 

local oscillator signals in quadrature substantially as 
described with reference to Fig. 2 of the accompanying 
drawings. 
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